The novel genre of pervasive games, which aim to create more fun and engaging experiences by promoting deeper immersion, could be a powerful strategy to stimulate physical activity among older adults. To use these games more effectively, it is necessary to understand how different design elements affect player behavior.
Introduction
As the proportion of elderly adults increases in populations worldwide, supporting their quality of life has become a pressing social challenge [1] . Many studies have pursued this goal by using electronic games as a novel strategy to address specific issues, such as the rehabilitation of psychomotor functions [2, 3] , prevention of age-related diseases [4, 5] , or promotion of active lifestyles [6] , all with varied levels of success [7] .
Recently, researchers began to explore the new genre of pervasive games [8] [9] [10] [11] [12] in this context. A pervasive game is an electronic game that incorporates elements from the real world in its mechanics, blurring the edges of the so-called "magic circle" [13] (ie, the perceived boundaries of the playing space). Among the real-world elements used in such games, two of the most common are physical location and social connections, and both can be beneficial to senior players. When people are invited to walk around and visit places in the real world, they are stimulated to have regular physical activity; when they interact with other people via the social mechanics of the game, it may be possible to reduce or prevent social isolation. Both effects are strongly correlated with higher quality of life among elderly adults and a lower incidence of age-related diseases [14] [15] [16] [17] [18] .
Few studies have used pervasive games or gamified apps targeting older adults; they usually focus on specific goals, such as cognitive training [19] or the promotion of physical activity using social incentives [20, 21] . A successful commercial example that does not target elderly adults specifically that became extremely popular among people of all ages is Pokémon GO [22] . Different studies have analyzed its effects on levels of physical activity and found overall positive results, especially in the first weeks of use [23] [24] [25] .
However, to effectively use pervasive games to help older players, it is necessary to better understand how different elements of game design can affect their experience. In this work, we investigate whether using social interaction elements in a pervasive game can increase players' levels of physical activity. Because the main element of mechanics of the game is walking, we assume that if higher levels of physical activity are observed in association with more frequent play activity that also implies that the game experience was more fun and engaging.
Methods

Design
The main focus was on evaluating the effects of change in the game design; therefore, we compared two versions of the same pervasive game. The only design element that was changed was social interaction. It was not possible to blindly assign individual participants to different groups because players would be aware of the different interaction options in the game if they interacted with other players. Thus, we compared the versions of the game in two isolated groups in a quasi-experimental study design.
Participants
Participants were recruited in collaboration with the University of Brasília in Brazil among students who attended classes in a university-run community project that targeted older adults. Students incurred no financial cost to join the project, and no educational background was required, except for being able to read and write. Classes were offered at sites in different regions of the city (more than 30 km apart). Students at different sites did not have contact with one another within the project, but students at the same site attended classes together. Two different sites were chosen to recruit students and form the intervention groups: one group played the version of the game without social interaction and the other group played the version with social interaction. There were no identifiable differences between sites regarding participants' social, educational, or economic backgrounds.
The inclusion criteria adopted a broader age range of 50 years or older, aiming for middle-aged and older adults, because this research was contextualized as a preventive health intervention and it is expected that experience with games will become increasingly common among older adults in the future. Additional criteria included healthy people with independent ambulation and no cognitive or physical impairment preventing them from understanding the instructions of the game or taking short walks. All participants signed informed consent forms, and the research protocol was approved by the Ethical Committee of the University of Brasília and by the Kyoto University Hospital's Ethical Committee; both boards report compliance with the Declaration of Helsinki.
Game
Participants played a pervasive location-based mobile game called Trilhas [26, 27] . This game has been previously evaluated for its feasibility and adaptability to allow for the testing of different design elements [28] .
The basic (no social interaction) version of the game (Figure 1 ) invited players to visit different real-world locations and collect virtual cards. The home screen of the game showed a map that indicated the player's current location and nearby hotspots (ie, places they can visit). Hotspots were defined using information from Google Maps and included publicly accessible places, such as drugstores, bakeries, coffee shops, churches, and government buildings. Hotspots were spread in a fixed area of the city that included both experiment sites and a range of 20 km, with the distance between hotspots a minimum of 100 m and a maximum of 500 m. If a certain region did not have enough known locations to ensure this distribution, abstract locations were assigned to random physical positions in publicly accessible areas.
After visualizing nearby hotspots, players had to walk toward them. When they were within 50 m of their locations, an "Enter" option appeared on the screen, and players could register their visit. For safety reasons, players were not expected to keep the game screen open while walking, and they were instructed to access the game only when they arrived at their destination. If the game was open and the player's speed exceeded a certain threshold, the game warned the player not to walk while looking at their mobile phone.
Each day, players received "cards" for the first level proportional to how much they walked (measured by the number of steps) and how many places they visited in previous days. Later, they could trade a certain number of cards from one level for one card of the next level. The goal was to obtain a card of the maximum level for every animal in the game.
In the social interaction version of the game (Figure 2 ), the following social elements were added to stimulate players to interact and collaborate to obtain more cards: 1. Players could leave copies of their cards on the places they visited, and when other players passed by, they received a copy and the original owner received more cards. When a certain hotspot had a card left on it, its icon exhibited an exclamation mark. 2. Every day, players were randomly assigned to a challenge group, and when a person in the group collected a card, all other members also received a card. Members who contributed to the challenge on that day were shown, whereas players who could not contribute were not shown to avoid "social shaming" (ie, negative reinforcement from other players). 3. When players met in person and scanned each other's phones, they also received cards. 4. All players could choose a public avatar and nickname and make a short self-introduction. When players received cards from other players' actions, they had a chance to give them a "like."
The feasibility study and follow-up evaluations [27, 28] suggested that these mechanics allowed players to feel more engaged in playing the game by working together with other people. We hypothesized that this setup would result in a higher positive effect on levels of physical activity. 
Outcome Measures
The main observed outcome was the level of physical activity, measured by the mean number of steps per week over a 4-week period. The step count was measured by the game using a background service that operated whenever the mobile phone was turned on. The software used was Google Android's Sensor API, which is the same as Google Fit, an app previously shown to have accuracy equivalent to or better than that of wearable devices [29] . During the first week, participants did not play the game, but their step count was still monitored. This monitoring was performed to assess their baseline level of physical activity. After that, they played the game for an additional 3 weeks. To evaluate how much the participants played the game, the weekly mean number of visits to hotspots was also observed. Within a single day, this observation represented the number of unique hotspots visited by the player, whereas within a week, it was the sum of visits each day of the week (ie, the same hotspot was not counted twice for the same day, but it could be counted twice for a week). This measurement was used because players were directed to not keep the game open while walking, so play time was not a good measurement of how much a person played.
As a secondary evaluation, participants were also asked to answer two questionnaires: one assessing their previous experience with games and technology and another evaluating their experience using the game. This second questionnaire was based on the Game Experience Questionnaire [30] and the System Usability Scale [31] . Although these questionnaires are widely used in previous work, they have not been statistically validated yet. For that reason, they served only as complementary information, and the results are reported here for completion. Because the Game Experience Questionnaire was designed to evaluate a broad range of games, including nonelectronic ones, we included only questions related to the gameplay elements present in Trilhas. Items used a 5-level Likert scale, indicating the mean agreement level (0=not at all, 4=extremely). They were grouped into categories, with the mean value calculated for each category, as follows:
• Usability:
• Controls, with items such as "I found the game too complicated to use"
• Learning curve, with items such as "I could learn how to use the game quickly"
• Game rules, with items such as "I could understand the game rules" The last question of the questionnaire asked participants to freely write comments, criticism, or suggestions. All questionnaires were anonymous.
Procedures
The sites for social interaction and no social interaction were chosen at random; participants were blinded to group assignment. At the beginning of the study, participants at each site signed the informed consent form and answered the first questionnaire (previous experience with games and technology). Their mobile phone was checked for compatibility, and the game was then installed. Compatible systems included Android-based mobile phones with OS version 5.0 or above with a GPS (Global Positioning System) sensor and an internet connection. Participants who did not have an Android mobile phone or who could not or did not want to use their personal devices were lent a previously prepared one by the researchers.
Participants were told to keep the mobile phone turned on and carry it with them whenever they left their homes throughout the study. There was a follow-up meeting on the same weekday every week, in which researchers were available to clarify any questions or solve technical problems. On the last meeting, after 4 weeks, participants answered the final questionnaire to evaluate their experience while playing.
All questionnaires were administered by researchers, who were available to clarify possible questions about the items.
Data Analysis
Questionnaire data were consolidated to report percentages in each item, whereas means and standard errors were calculated for demographic data using Google Sheets.
Dropout and step count data were preprocessed using Python (mainly the pandas and matplotlib packages) to generate graphs and format the data into a suitable format for R. To analyze the effect, we used the change on the number of steps for each week, when compared to the baseline week. This measurement was made for each participant in relation to their own individual baseline, and the proportional change was also calculated (ie, the absolute change divided by the baseline value).
In the statistical model, the change for each week after baseline was considered to be a repeated measure, and an analysis of variance (ANOVA) was performed, with group and week as factors, for participants who remained until the end of the study. Because the experimental setting did not allow for the balancing of data, a type III strategy was used to account for unbalanced data. The relationship between the change in step count and the number of hotspot visits was evaluated using a Pearson correlation coefficient (r). This analysis was performed using R.
Results
Participants
The graph in Figure 3 shows the proportion of remaining participants over time. People could drop out at the weekly follow-up meetings, so the data reported here considers participants who stayed for at least the baseline week; otherwise, it was as if they did not join the experiment. The initial number of participants in the no social interaction group was 15 (females: n=11) and 17 (females: n=14) in the social interaction group. At the end of the fourth week, there were 7 (females: n=5) people in the no social interaction group and 11 (females: n=8) people in the social interaction group, indicating dropout rates of 53% and 35%, respectively. Most participants used their own devices. For the no social interaction group, three devices were lent, whereas two were lent for the social interaction group. One person borrowed a device because they did not own a mobile phone, whereas all others borrowed devices because their own device was incompatible (different OS or unsuitable OS version). Only one person who borrowed a device dropped out (from the no social interaction group), and all other participants who borrowed devices stayed until the end. There was no follow-up to verify the reasons for dropping out, but three participants gave spontaneous reports. One person from the no social interaction group said they did not find the game interesting. One person from the social interaction group said they had back pains that prevented them from walking and another one said they did not have time to play.
Information about participants' previous experience with technology and games is reported in Table 1 . These data include answers collected at the beginning of the study from all participants.
Main Outcome
Step count data are shown in The correlation analysis between the absolute change in the number of steps and the number of visits resulted in a correlation factor of r=.21 (95% CI −.06 to .45). When proportional change was considered, the correlation factor was r=.34 (95% CI .08 to .56).
Game Experience
The scores for the usability and game experience questionnaires are summarized in Table 3 . The score of component items could go from 0 to 4; therefore, a value of 2 or greater indicates a positive evaluation. The data included are of only those participants who stayed until the final week.
The questionnaire also included an open-response item in which participants could freely make suggestions and comments.
For the no social interaction group, one participant reported that they often played competitive online games and that Trilhas could benefit from a competitive factor. Two participants said they could not play often but wished to have helped more in the research. One participant said the game was boring.
For the social interaction group, six participants said they enjoyed the chance to get more exercise. Three participants said they liked the look of the game, using adjectives such as "cute" and "pleasing." During the follow-up meetings, five participants commented on the fact they received cards from other participants at specific locations. One participant reported concern about other people knowing their whereabouts. 
Discussion
Principal Results
At the beginning of the experiment, the majority of participants in both groups had experience with both personal computers and mobile phones. This was also true of those participants who remained until the end of the experiment. When previous experience with games was considered, the majority of participants in both groups reported never playing or playing very rarely. For participants who remained until the end, the ratio of people who played at least once a week increased in both groups. Additionally, participants in both the social interaction and no social interaction groups reported using personal computers and mobile phones to play, but only participants in the no social interaction group used all the devices listed as options. Most people reported playing alone, with the one remaining participant in the social interaction group reporting also playing with friends; the remaining participants in the no social interaction group reported playing with family members and friends.
For the main outcome, a larger positive effect was observed in the social interaction group compared with the no social interaction group. The statistical analysis regarding the absolute change indicated a medium-to-large effect size (η 2 =.19), and the P value of .01 indicates a statistically significant difference. There was more variation in the main outcome for the control group, probably due to the higher dropout rate by the end of the third week in that group. A higher number of visits in this group suggests that participants played more, although correlation data were inconclusive: a medium correlation was found for proportional change, but only a small correlation was found for absolute change and that measure was not statistically significant. Therefore, social interaction mechanics may affect player engagement, but other factors may also have influence.
Because hotspots are not uniformly spaced, one other possible explanation could be that players tended to visit the same nearby places more often, or visit faraway places only a few times, thus increasing their physical activity to some extent, but not in a linear relationship with the number of visits.
The evaluation of usability and game experience was used as complementary information only. Statistical analysis was not performed because the questionnaires used are not validated. The results indicated an overall positive evaluation for system usability and game experience, as most items had values of 2 or greater. The average evaluation for the social interaction group was higher for all items except immersion, but the difference between groups was small for most items, preventing any solid conclusions. Players in both groups gave positive feedback for the "visual style" of the game and feelings of "immersion" and "enjoyment." However, there was a larger difference between groups for the categories of "engagement," "exploration," and "challenge." One possible explanation is that the no social interaction group might have had an inferior experience in these categories because the version of the game they played had a subset of the rules of the social interaction group, which could be perceived as less challenging. The usability evaluation for "game rules" was lower in the no social interaction group; however, because the rules in the no social interaction version were a subset of those in the social interaction version, this finding might also be explained by an inferior game experience. Another possible explanation is that some players might not have understood these rules, although players' comments did not indicate such a case.
In the subjective evaluation considering the open-response comments, players in the social interaction group seemed to have had more fun and felt more engaged in the game, specifically enjoying the card exchange mechanics, although they also felt motivated by the chance of being stimulated to do more exercise. One participant from the no social interaction group complained about the lack of competition, which is a modality of social interaction, leading to the belief that the social factor is relevant for some players. Because these reports were voluntary and many players did not make any comments, it is not possible to generalize these impressions.
Limitations
There were limitations to this study. The sample size was small, and although the power analysis indicated a medium-to-large effect for relative change and a statistically significant difference for absolute and relative changes, more data could potentially increase the accuracy of these results. Additionally, the dropout rate was high, which could introduce bias toward a positive effect, because the remaining participants might be those who enjoyed the game and were stimulated to continue playing and, potentially, have more physical activity.
The nature of the game and recruitment context made it impossible to use a double-blind design and individually assign participants to groups, which might introduce two biases. First, researchers were aware of group assignments; therefore, they could involuntarily influence participant's behavior or attitude toward the game during the follow-up meetings. Secondly, even though participants were blind to group assignment, participants in each group had classes together, which might introduce a cohort effect (ie, participants who knew each other and might have a higher tendency to interact using the game and stimulate each other to play). It was also not possible to control for previous experience with technology and games or other possible socioeconomic differences that might have affected the results, although questionnaire data suggest that remaining participants in the no social interaction group had a higher ratio of proficiency to technology, which could have made participants in that group more prone to using the game, in opposition to the observed effect.
The main outcome was measured using mobile phone software. The methodology has been evaluated in previous studies, and the authors of those studies concluded that it is adequate; however, future interventions might test similar settings with a different device, such as external pedometers, and compare the results. In both cases, because the data are not collected in a controlled environment but rather in a user-dependent context, and participant's adherence to carrying the mobile phone with them was not measured, thus measurements for noncompliant participants are not accurate.
Step counts were observed in a continuous state, considering any daily activity of the participants, and the number of visits to hotspots was used as a proxy measurement to amount of playing because participants are encouraged to only open the game to check in at hotspots and close it between visits. Because step counts for the baseline week were also measured continuously and the analysis considered the observed change, the results are still relevant. Further interventions might also separate in-game counts explicitly and analyze if there is any difference.
Although this study is inserted in the more general field of interventions to improve the quality of life of older adults, it focuses specifically on increasing physical activity based on previous results that showed a strong correlation between these variables. Future interventions could directly focus on these two variables and evaluate their relationship in the context of pervasive games. Also, the questionnaires used to assess usability and game experience were not statistically validated. They could not be used to draw conclusions about the effect and were only complementary information. Using validated metrics would allow for increased data comprehension and the ability to test more hypotheses.
The proposed social interaction mechanics focused mainly on collaboration and virtual interaction. More types of social interaction and different variables can be tested, such as competition, direct (ie, in-person) interaction, group dynamics, and interaction with family and friends, among others.
Comparison With Prior Work
Although games have been used many times previously to promote the well-being of elderly people, there is usually an excessive focus on health benefits, with little attention given to aspects such as motivations to play and overall game experience. Recently, new research has emerged [32, 33] that analyzes in greater depth the experience of elderly people in play based on the principle that games, even serious games, should first be fun because the health benefits come later as a natural consequence [34] . This notion aligns with the idea that a deep and meaningful connection with play and fun is an inherent part of human nature [35] , and elderly people are no exception. In that respect, few studies have attempted to clarify elderly players' needs and motivations and investigated possible challenges in designing for older audiences, listing common physical and cognitive limitations that should be taken into consideration [36] [37] [38] [39] [40] . Other studies have attempted to identify the preferences of elderly people regarding the content or genre of the games [41] [42] [43] [44] . In this study, we evaluated social interaction as a design element in the context of pervasive games, which is a new kind of game that is only now being explored. This study was limited and focused on a specific metric, namely physical activity, which was used as a proxy, but the results suggest that this topic should be further investigated, with the consideration of additional variables related to game experience.
Regarding interventions that promoted walking in general [45] , the most effective studies that were analyzed achieved a net increase of 30 to 60 minutes of walking per week. Considering the conversion criteria used in that systematic review, this is equivalent to 3000 to 6000 steps. This study achieved those numbers for the social interaction group in the first week, but those results were not sustained over time. More investigation is necessary to explore how player engagement could be maintained for longer periods.
Conclusions
In this work, we investigated whether the new genre of pervasive games could be used to increase physical activity of older adults. Our results indicated that a pervasive game using social interaction had a greater positive effect on levels of physical activity than the same game without social interaction. This study was limited; these results are promising but not conclusive. In future interventions, other types of social interaction or design elements should be evaluated, and additional variables considered, such as indicators of physical and psychological health among others.
